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A B S T R A C T   

The COVID-19 pandemic and lockdown situation have shown both positive and negative effects on the envi-
ronmental aspects. With an unprecedented rate the different types of waste volume have up surged along with 
the COVID-19 contamination rate. As the situation has mandated people as well as the most infected persons to 
stay at home, the amount of generated hazardous waste is 3.40 kg that can be expected daily from each infected 
person. China and other countries have seen a massive increment in the hazardous waste generation (about 600 
% increase in Hubei province) amount. While dealing with this sudden increase in waste amount, the conven-
tional incineration facilities have been outstripped and waste management industry is facing an immense 
pressure over handling hazardous waste generated from COVID-19 infected patients. Alongside with the haz-
ardous waste volume, single-use plastic items and personal protective equipment (PPEs) have induced a new type 
of “PPE pollution” in the land and aquatic environment. The current review provides a countrywide waste 
generation amount, estimated using the infected number of cases for some selected countries. In contrast with the 
poor waste management noticed during this pandemic, some suggested approaches towards a better waste 
management service and future implications of waste management are discussed with viable consideration for 
the waste workers.   

1. Introduction 

The world, although a recent phenomenon but is aware of the 
devastation associated with the outbreak of new coronavirus disease 2019 
– COVID-19. It is reported that there have been 20,024,263 confirmed 
cases of COVID-19 across 215 countries of the globe, including 733,995 
confirmed death cases as of 10 August 2020 (https://www. 
worldometers.info/coronavirus/#countries). The detail information 
about the COVID-19 and its possible treatment and other awareness 
promoting aspects are detailed by Ali and Alharbi [1]. As a protection 
measure against this global pandemic many countries have forced to 
mandate lockdown which eventually resulted in both positive and 
negative impacts on the environmental aspects (i.e. reduced air pollu-
tion, massive production of waste) [2]. 

The production of waste is an inevitable consequence that is coupled 
with anthropogenic activities, economic development, and urbanization 
[3]. The emergence of COVID-19 has led to the increase of medical waste 
all around the world as well as household hazardous and plastic waste 

volume where a desperate need for proper waste management has 
emerged but appears to be a largely ignored affair. Followed by different 
public health protection directives and measures, a substantial surge in 
the waste volume has been documented arising from the enhanced use of 
personal protective equipment (PPEs) including – face masks, hand 
gloves, rubber boots and white gowns, hand sanitizers and other 
medically used gears such as – syringes, test kits, plastic containers, 
bandages, tissues, etc. [4,5]. 

Waste management in developing countries is still at its primitive 
stage [6] and the pandemic has affected this sector very harshly in many 
countries [7]. As a developing nation, Bangladesh has encountered a rise 
in infection of COVID-19 patients during May 2020 which eventually 
has amplified the generation of hazardous waste volume, especially in 
the capital city Dhaka [8]. Moreover, due to the limited capacity of 
health care facilities of the country, infected persons are largely isolated 
and quarantined at their residential dwellings which has exacerbated in 
the rise of household hazardous waste volume. Proper quantification of 
the waste along with prospective policy response and alternative 
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approaches to the waste disposal and treatment facilities are required for 
building rigid resilience and management of hazardous waste volume 
generated from different health care and household units in this region. 
The current study aims at providing a recent overview of COVID-19 
waste problem from a global perspective with certain emphasis has 
been provided for Bangladesh, a developing nation with poor waste 
management infrastructure which has been further aggravated with the 
massive surge in COVID-19 induced waste situation. Moreover, this 
study also discussed an effective waste management response to this 
contemporary epidemic condition and post pandemic thought over this 
vital sector irrespective of any nation. 

2. Impact of COVID-19 outbreak in the waste sector 

Due to highly contagious in nature and lockdown situation, the 
COVID-19 outbreak has particularly increased the use of face masks 
(N95 or FFP2 standard or equivalent), gloves, protective suits and 
aprons, boots, water bottles, visors, take-away food containers, plastic 
bags, single use plastic (SUP) items and the MSW volume, worlwide 
[9–12]. A substantial preference over the safety and protection of 
human health during this pandemic have seen a significant rise in such 
items that have environmental deteriorating effects about which 
Grodzinska-Jurczak et al. [13] commented that health concern will 
eventually overwhelm the environmental carefulness around the world. 

Globally, the impending surge in the waste volume has already 
threatened the existing waste management infrastructures (Fig. 1) and 
proved to be incapable in dealing with this sudden surge, satisfactorily. 
In Wuhan city of China, the maximum daily incineration capacity (49.0 t 
per day) has been astounded by the peak growth rate of hazardous 
medical waste (about 240.0 t per day) from its usual generation amount 
of 40.0 t per day [14]. In Hubei Province of China, based on available 
estimation about 600 % increase in the hazardous waste volume has 
been recorded during this pandemic period [15]. Bridges [16] claimed 
that the Southeast Asian countries may experience an additional 

hazardous waste amount of 1000 t per day. In Manila, Philippines the 
daily hazardous medical waste has reached 280 t and in Jakarta, this 
amount was recorded to be of 212 t per day [17]. Based on China’s 
experience of dealing with COVID-19 patients, ADB [15] estimated that 
approximately 3.40 kg of hazardous medical waste (Table 1) can be 
expected daily from each infected person as denoted by the Eq. (1). It is 

Fig. 1. Impact of COVID-19 outbreak on the waste management sector (drawn based on IFC, 2020).  

Table 1 
Classification of different types of medical waste.  

Type Waste Description 

Type I Tissue Human or animal pathological wastes - 
blood, tissues, organs, pus, and body parts 
and fluids that are discharged during autopsy 
or surgery 

Type II Radioactive waste Radioactive elements - unused liquids from 
radiotherapy or laboratory research work 

Type 
III 

Wastes with high 
content of heavy metals 

Broken thermometers, blood-pressure 
gauges. batteries 

Type 
IV 

Pressurized containers Gas cylinders, aerosol containers 

Type V Absorbent cotton items Cotton pads, bandages, disposable diapers or 
bedding that are stained or soaked with 
human or animal blood, pus, discharge or 
secretion 

Type 
VI 

Discarded medical 
plastics 

Disposable syringe, blood bags or waste 
generated from blood dialysis 

Type 
VII 

Pathological waste Culture and stocks of infectious agents from 
test, culture dishes, discarded blood fluids 
and containers along with items that were in 
contact with infectious agents - used slides 
and cover glass 

Type 
VIII 

Waste sharps Discarded sharps, hypodermic needles, 
syringes, surgical blades and blood lancets 

Type 
IX 

Waste mixed with 
infectious waste 

Wastes that are not classified into the above 
mentioned categories but mixed with waste 
types (I) to (V) 

Source: Mohiuddin [76],Jang et al. [77]. 

Md.S. Haque et al.                                                                                                                                                                                                                              



Journal of Environmental Chemical Engineering 9 (2021) 104660

3

unavoidable that other countries will confront similar aftereffects in 
their hazardous waste amount as tendered by the pandemic (see 
Table 2). 

Wm = (ni∗3.40kg) ∗dn (1) 

ni can be calculated by using the following Eq. (2), 

ni =
(
Ip − Di − Ri

)
(2)  

where, 
Wm = total hazardous waste volume for a given number of days; 
ni = total no. of infected persons in a given health care facility or 

territory or country; 
Ip = no. of infected cases; 
Di = no. of deceased cases; 
Ri = no. of recovered cases; 
dn = no. of days taken into account. 
The pandemic has postulated people to wear hand golves and face 

masks in the public gathering for the fear of being infected by the 
airborne transmission [14]. However, this certain conduct has led to a 
new type of “PPE pollution” in the world’s seas and oceans. In Soko 
Island of Hong Kong, used face masks are reported to be found within 
the 100 m stretch of the beach [18]. Marine divers from a French 
environmental group - Opération Mer Propre – have identified the used 
gloves and face masks floating over the waters off the French coast. 
80–90 % of the waste found in the water find its way from the land and 
as the PPE waste finding its way to the seas and oceans, it is inevitable 
that the used PPEs in the land are not properly managed [19–21]. Pro-
jection based on the current trends, severe microplastic pollution in the 
terrestrial environment and water of oceans is about to incur during the 
present and post pandemic period. Moreover, plastic waste from 
different medical testing kits, hand sanitizers bottles, online services and 
food packaging items are playing a significant role during the outbreak 
situation. Due to the perceived risk of being contaminated by the use of 
reusable items, studies have shown a significant retreat from the re-
strictions in SUP packagings and banned use in reusable bags and 
beverage containers around the world [11,22]. In several parts of the 
world, embracing the assumptions that plastic materials are safe which 
do not carry the virus have led to a momentous resurgence in the plastic 
(particularly the SUPs) items [23]. The Thailand Environment Institute 
has estimated the surgence in plastic waste at Thailand which went up 
from 2120 t per day in 2019 to about 3440 t per day (about 62 % in-
crease) within January to April [24]. The average generation rate of 
plastic waste for the Southeast Asian countries was about 5500 t per day 
before the COVID-19 pandemic which now has reached to 6300 t per day 
and Thailand, a top plastic polluter country of this region can expect a 30 
% increase to its annual plastic waste volume [25,26]. The 

petrochemical industries have taken a toll in promoting their business 
interest amidst this outbreak by promoting plastic as “safe and hygenic 
material”. However, the constant pressure from the plastic industries on 
the unregulated and increased use of plastic items during this pandemic 
is dismissed by the recent study on survival and persistence of corona 
virus on the plastic made surface for four days, the longest among all 
materials (e.g. paper, cardborard and fabrics – 1 day) that have been 
tested [27,23,28]. Hence, there is a high chance of contamination of the 
concerned disease from the plastic items if not properly disinfected [10]. 
Moreover, plastic recycling industries have confronted with a new 
challenge from the low valued virgin plastic materials due to the 
reduction in recycling rates and oil prices which can bring a potential 
economic recession to this industry [29,9]. The vital element of the 
waste management sector – waste workers - is at potential disruption as 
the waste workers lack in PPEs and other effective gears to protect 
themselves from the viral infection [29]. The situation is at worst in the 
developing nations as waste is managed there largely by the informal 
sector. In Indonesia, infromal waste sector (about 3.7 million waste 
pickers) largely driven by the job security and to maintain the daily 
livelihood was seen to work amidst this outbreak without any protection 
measures as reported by Hughes [23]. Manuja [30] has claimed that 
about 1.5–4.0 million people associated with the waste management 
sector in India is expected to receive potential health crisis due to the 
pandemic situation. 

3. Country scenario – Bangladesh 

3.1. A brief overview on existing waste management service 

As an emerging economy in relation with the increasing population 
growth and urbanization process, solid and medical waste volume are 
constantly growing in Bangladesh [31,32]. Based on the available esti-
mation, Bangladesh generates nearly 16,380 t of waste on a daily basis 
which is projected to reach at 47,000 t per day by 2025 with a gener-
ation rate of 0.60 kg per capita per day [31,33]. However, ineffective 
and poor waste management service when merged with the responsible 
authorities’ maladministration and negligence, about 50 % of the daily 
produced waste remains uncollected, and seen visible on roadsides, 
adjacent spaces, drainage networks and waterbodies of the major cities 
in Bangladesh [31,34,35]. 

Like most of the developing nations, the solid and medical waste 
management system are particularly governed by the city authority in 
the urban areas. The municipal solid waste (MSW) is normally collected 
by the informal sector, commonly known as “Tokais” (poor people from 
the slum dwellings of a city), through door to door collection system 
using cycle vans. The collected waste then transported using vans and 
trash trailers to the temporary stations or disposal sites (commonly seen 
at roadsides) where it is piled off in the mixed form (commingled). 
Finally, the waste is hauled in different sized trucks and transported to 
the open landfill sites, situated at the suburban areas. A group of Tokais 
or waste pickers make their living by scavenging through the piled waste 
volume at the transfer points and landfill sites without any sort of pro-
tection measures. The recovered recyclable items are often sold to the 
informal scrap dealing shops, mostly situated within the city’s slum 
areas [35–37]. Followed by the similar methodology, medical waste 
from different health care facilities are managed in Bangladesh. Among 
the 645 public and 288 privately owned hospitals, clinics and diagnostic 
establishments only a handful of the facilities have on-site waste treat-
ment system including – burning, burial, autoclave machineries and 
waste segregation options and remainder of the facilities dispose med-
ical waste in own space or municipal waste collection bins along with 
the other wastes. Subsequently, these waste items are collected and 
stored with MSW volume at the transfer points and dumped at the 
landfill zones, largely remain exposed to the ambient environment. 
However, a single privately regulated non-governmental organization 
(NGO) – Project on Agriculture, Rural Industry, Science and Medicine 

Table 2 
Estimated COVID-19 hazardous waste volume for some selected countries.  

Country Name a ni  Generated daily 
hazardous waste amount 
(t/day) 

Total production in 
100 days (t) 

South Africa 137,977 469.12 46912.18 
United States of 

America 
2,369,126 8055.03 805502.84 

Brazil 815,986 2774.35 277435.24 
Mexico 105,515 358.75 35875.10 
Iran 23,914 81.31 8130.76 
Egypt 37,805 128.54 12853.70 
Italy 13,263 45.09 4509.42 
India 635,393 2160.34 216033.62 
Bangladesh 105,831 359.83 35982.54 
Argentina 133,651 454.41 45441.34 
Colombia 161,951 550.63 55063.34 

Source: a data used of 10 August 2020 from https://www.worldometers. 
info/coronavirus/#countries. 
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(PRISM) – has been made responsible for collection, storage, treatment, 
and final disposal of medical waste from selected health care facilities in 
some urban areas of Bangladesh [38,39]. Although the PRISM’s waste 
management system is satisfactory but the coverage areas under this 
program cannot cover all of the health care facilities and not operational 
in all city areas and hence, the usual medical waste management prac-
tice is still prevailing in majority of the urban cities. Moreover, Tokais or 
informal waste pickers cannot allow themselves with any protection 
gears during their salvaging in the waste piles at transfer points and 
landfill zones. Apart from the physical injuries like – hand and leg cuts 
from broken glass pieces and metals, curved fingers from syringe nee-
dles, paralysis of legs and hands, these people are also reported to be 
suffered from various infectious diseases including – viral hepatitis B 
and C, typhoid, allergy, tuberculosis (TB), malaria and diarrhea [39,40]. 

3.2. Pandemic induced waste generation situation 

From the first tested positive COVID-19 infected cases (on 8 March 
2020), Bangladesh has constantly seen rise in the infected cases all over 
the country which has now reached more than 258,000 confirmed cases 
(https://coronavirus.jhu.edu/map.html). Government mandated 
“country lockdown” seems to help no better against the global crisis and 
situation is getting worsened day by day. Another critical factor inter-
linked with the rise in infected cases is the generation of hazardous 
waste volume all over the country (Fig. 2). Although a matter of grave 
concern, the national response plan HSD [41] has provided no initiative 
concerning the hazardous waste management during this critical period. 
A massive surge in the PPEs are depicted throughout the nation and so as 
its uncontrolled and wishful disposal at roadsides, adjacent open spaces 
of buildings and hospitals (Fig. 3a), and in drainage networks by the 
public. Moreover, the hazardous waste from the healthcare units are not 
effectively managed as the medical waste management system has not 

upgraded over the years. The only functioning disposal of medical waste 
is dumping of waste in the landfill zones. Since no incineration facility is 
installed, some healthcare facilities perform open burning at the back-
yards of hospital and others even disposed such infectious materials in 
municipal controlled trash bins [8,42]. Moreover, due to the ineffective 
and poor waste management service when merged with the responsible 
authorities’ maladministration and negligence, within this outbreak 
situation some roguish people have collected PPEs from the open trash 
bins, adjacent to the hospitals (Fig. 3b) and only by washing them such 
items are reported to be traded in some areas of Dhaka city [43]. This 
incident is evident enough to demonstrate the level of hazardous waste 
management facility for this region. 

As being a rapid surge, only in a single month of lockdown period (26 
Mar – 25 Apr 2020) around 14,500 t of plastic waste has been generated 
from SUP items and PPEs throughout Bangladesh accounting to a gen-
eration rate of about 483 t per day. Polythene (PE) made shopping bags 
have been up surging with an extraordinary rate which have been 
regarded as the largest source of plastic pollution, accounting to 5796 t 
of plastic waste generated within one-month lockdown period with a 
generation rate of 193.20 t per day (see Table 3). In Dhaka alone, waste 
induced from SUP items was about 3076 t of which 443 t (14.4 %) was 
from PE bags. Within the estimated one-month lockdown period po-
tential surge is also seen in the single use face masks (53.07 t per day), 
PE made hand gloves (101.30 t per day), empty bottles of hand sanitizers 
(30 t per day) and noninfectious plastic waste from healthcare facilities 
(8.37 t per day) all over Bangladesh (ESDO, 2020a). In the absence of 
any restriction in the use of SUP items, 80–85 % of all SUP items are 
discarded which essentially produces about 250 t of SUP induced plastic 
waste in a month. Founded on the poor waste collection and recycling 
facilities, SUP items are found to be omnipresent over roadsides, drains 
and open spaces (Fig. 3c) in the land areas which ends up by polluting 
the rivers and eventually the Bay of Bengal. [20]. Moreover, this 

Fig. 2. Map showing the simultaneous increase in (a) hazardous waste volume along with (b) infected number of cases in different divisions of Bangladesh. Dhaka, 
the capital city has the highest no. of infected cases together with the increased amount of hazardous waste volume. Waste amount estimated using Eq. (1) from 
infected cases data - ranging from 15 April to 19 June 2020 (http://dashboard.dghs.gov.bd/webportal/pages/covid19.php#). 
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pandemic has hit the informal waste sector very harshly with a sudden 
rise in hazardous waste and MSW volume from healthcare and house-
hold facilities, respectively. Waste collectors are at potential risk of 
being exposed to the contaminated hazardous material while collection, 
transportation, and segregation of such waste without having any sort of 
protective gears (Fig. 3d) as reported by ESDO [44]. 

The existing waste management practices for MSW and medical 
waste in Bangladesh (Fig. 4) have continuously posed serious and 
aggravated situation to the daily life of residents well before the 
pandemic by exposing numerous problems including but not limited to - 
water pollution, drainage clogging, vector borne diseases, bad odor, air 
pollution, CO2 emission, etc. [45,46]. Based on the sudden and rapid 
increase in the hazardous and plastic waste during the pandemic period 
and the condition of existing waste management services, it is certain 

that the post-pandemic situation will not be able to cope up with the 
massive voluminous waste if policy response, and other vital waste 
disposal and management options are not taken immediately. 

4. Discussion and future recommendations 

COVID-19 has postulated a massive lockdown situation all over the 
world. The advantage of such situation has seen long sought environ-
mental advantages including – massive drop in carbon emission and air 
pollutants in major cities of the world (i.e. New Delhi, New York, Paris, 
Wuhan), reduction in coal consumption, substantial drop of water pol-
lutants, less energy consumption and so on [2,18]. However, the envi-
ronmental risks associated with the largely ignored waste management 
sector during this pandemic are also posturing intense warnings for the 
upcoming post pandemic world, some of which can be outlined as fol-
lows [47] – 

▪ Increased amount of medical and other hazardous waste gen-
eration volume and management along with health and safety 
issues related with the handling, transportation, and disposal of 
such wastes from community to individual level  

▪ Potential health risks involved with the health care workers, 
informal waste collectors, and people living near to the waste 
disposal areas together with the financial crisis  

▪ Sudden surge in hazardous waste and plastic based items will 
strain the usual capacity of recycling and other waste disposal 
techniques which will essentially pose a major long-term 
impact to the terrestrial and aquatic environment  

▪ New emergence of PPE pollution in land and coastal areas will 
postulate a new challenge of waste collection and disposal 
along with potential public health crises associated with such 
unregulated, discarded items 

Since the government and authorities around the world has put its 
main focal point towards the public health protection from the viral 
infection, other vital elements of societal and environmental aspects are 

Fig. 3. (a) Discarded apron after use disposed 
in front of the public hospital ground of Chit-
tagong; (b) Used surgical hand gloves, PE bags 
and other SUP items are dumped at the adjacent 
roadside of a COVID-19 dedicated public 
healthcare facility of Chittagong; (c) A pro-
spective surge in single use cups (i.e. SUP items) 
during this pandemic period are seen prevalent 
at the roadside shops which left dumped in 
roadsides, unattended by the waste collectors, 
washed away by rainwater, clogging the 
drainage, and finally find its way to the water-
bodies; (d) Waste workers collected municipal 
solid waste (MSW) from houses without any 
sort of PPEs during the outbreak in Bangladesh.   

Table 3 
Plastic waste generation details of Bangladesh from COVID-19 induced PPEs and 
SUPs.  

Sl. 
No. 

Waste Items a Amount 
used in 
one-month 
lockdown 
period 
(nos.) 

a Total 
waste 
generated 
(t) 

Estimated 
daily 
generation 
rate (t/day) 

Waste 
generated 
in 90 days 
(t) 

1.0 Single-use 
surgical masks 

455 million 1,592 53.07 4,776.30 

2.0 Polyethylene 
(PE) bags 

1,449 
million 

5796 193.20 17,388.0 

3.0 PE made hand 
gloves 

1,216 
million 

3,039 101.30 9,117.0 

4.0 Hand sanitizer 
bottles 

49 million 900 30.00 2,700.0 

5.0 Non-infectious 
plastic waste 
from 
healthcare 
units 

– 251.10 8.37 753.30 

Source: aESDO [44]. 
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largely taken to be overlooked. But the irony is some under noticed 
aspects, if not properly managed will eventually postulate a massive 
disruption in the societal and environmental wellbeing that the post 
pandemic situation will not be able to cope with such disruption along 
with the global economic recession that is about to take place. Waste 
management is one of such sectors which is particularly a tiresome but 
critical job for any nation. This pandemic situation has overstressed the 
sector at its peak level with embedding new type of challenges against 
the conventional practice. However, amidst this global crisis and 

challenging circumstances it is of paramount importance to make every 
effort to take proper action for the waste management sector at the same 
level of public health safety [29]. 

In this brief pandemic period, major infrastructural alterations have 
been observed all around the world. Long pursued environmental ben-
efits (i.e. reduction in air pollutants, carbon footprints) have put a new 
perspective of environmental thoughts in preserving such cleaner 
environment in the future world. However, as a matter of serious 
concern, improper waste management perpetuated by this pandemic 

Fig. 4. (a) Prevailing solid waste management system in Bangladesh (drawn based on [78,79]); (b) Existing medical waste management system of Bangladesh 
(drawn after [38]). 
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can lead to a grave devastation in the post pandemic world. The envi-
ronmental consequences projected based on the current waste genera-
tion trend and its poor management are required to be scrutinized 
through further studies for possible countrywide waste management 
techniques, technological solutions, policy response and public attitude 
development towards the goal of sustainable future. In view of that, the 
following considerations are needed to be reassessed for maintaining the 
proper waste management across the nations, worldwide: 

4.1. Reopening the postponed waste management services 

The waste management has become one of the significant aspects 
associated with the pandemic and post pandemic period which 
contribute largely in maintaining the public health safety and environ-
mental protection. A highly priority based approach in the waste man-
agement postponed services (i.e. recycling, waste collection and 
disposal, incineration of hazardous waste) should be restarted without 
any delay for protection against the further infection and pollution from 
the mismanaged waste services [48]. 

4.2. Emergency hazardous waste management 

Due to the containment of PPEs and the capability of coronavirus to 
be active for a considerable amount of period on different materials’ 
surfaces have made the generated waste to be considered as “hazardous” 
and challenged the waste management sector with “meeting effective 
waste management strategies” [49]. Thermal treatment or incineration 
is the most preferred and effective treatment process for the massive 
load of hazardous waste generated throughout the pandemic [50]. Apart 
from the thermal treatment process, other techniques – pyrolysis, mi-
crowave, chemical, dry heat, vaporized hydrogen peroxide, high tem-
perature steam – can be utilized to treat the produced hazardous waste 
volume based on the factors such as economic budget, amount of waste 
generated, technical advancement and maintenance capability [50,51]. 
Table 4 presents the efficacy of different treatment options for the safe 
management of COVID-19 induced hazardous waste. 

In accordance with meeting the public health emergency, national 
action plan should integrate the emergency response strategies in 
response to the unprecedented waste generation rate and its “potential 
route for the spread of the virus” through the mismanagement of waste 
items [52]. For instance, the strategies adopted by the City of Wuhan in 
China can be a prospective example for the countries contested with the 
extraordinary hazardous waste generation situation during this 
pandemic. With the strong lockdown and social distancing measures, a 
significant amount of hazardous waste was generated from the hospitals, 
households, self-isolation, and quarantine centers. Due to the retainment 
of generated waste for considerable amount of time together with 
unparalleled growth rate, local authorities employed “mobile inciner-
ator” treatment facilities to effectively treat the discarded PPEs and 
other disposable gears. In addition to that, strategies such as centralized 
disposal (i.e. thermal treatment or incineration, cement kilns) and 
on-site emergency treatment (i.e. domestic incineration, industrial 
furnace, mobile incinerator) options performed very effectively in 
response to the challenges associated with the hazardous waste treat-
ment or disposal. Moreover, autoclave, steam, dry heat, microwave and 
chemical disinfection techniques were also incorporated as the emer-
gency response techniques for the waste management sector in Wuhan 
for the record amount of piled up waste in this period [53]. Such ini-
tiatives can be assessed for the possible usefulness and incorporated in 
the waste management sector for the secure waste treatment and 
disposal during this pandemic situation. 

As for the developing nations with poor waste management infra-
structure, construction of “on-site waste burial pit” to safely treat the 
hazardous waste material can bring emergency but an effective solution 
during the current pandemic situation. By digging a hole (1 m * 2 m or 2 
m * 3 m) within the open and secured space of a hospital periphery, 

isolation ward, existing waste dumping zone or other dedicated places 
for COVID-19 infected patients, the closed waste burial pit can be con-
structed. The bottom layer of the pit can be lined with clay or geo- 
synthetic liner to prevent any kind of soil or groundwater contamina-
tion from the dumped hazardous waste. A daily cover of soil or soil-lime 
mix should be placed over the dumped waste up to the filling point. After 
filling each burial pit, it should be sealed with a cemented cover or 
mortar mixture and top portion of the pit can be further covered with a 
50 cm thick soil cover together with earth mound on both sides, to 
prevent water leakage during the monsoon. Moreover, to maintain the 
safe operation of the burial pit from any type of exposure to the human 
and other animals, security fences should be placed around the burial pit 
(Fig. 5 [54]). Construction of such on-site waste burial pit to safely 
dispose the COVID-19 hazardous waste can also provide a viable 
consideration for the long route hazardous waste transportation and 
toxic exposure to the ambient environment along with a cost effective 
and easy solution for the nations that lack in incineration or thermal 
treatment options for the generated massive hazardous waste volume 
during this pandemic [51]. 

Sudden heavy surge in the hazardous waste volume during the 
pandemic is prevalent in most of the affected countries which has 

Table 4 
Different treatment techniques for COVID-19 induced hazardous waste.  

Sl. 
No. 

Treatment 
techniques 

Efficiency Challenges 

1.0 Thermal 
treatment  

- Total destruction of 
COVID-19 related haz-
ardous waste  

- Simple operation 
technique with ~90.0 % 
reduction in waste 
volume  

- Generation of secondary 
pollutants (i.e. dioxin, 
furans, bottom ash)  

- Energy intensive process 
with higher capital cost 

2.0 Pyrolysis  - Total destruction of 
hazardous waste volume 
along with toxins (i.e. 
dioxin, furan)  

- Savings in energy  

- Specific requirement 
needed to be defined for 
heat value of the loaded 
wastes  

- Higher capital cost 
3.0 Microwave  - Less energy required due 

to low action 
temperature  

- Can be used as mobile on- 
site treatment facility  

- Less environmental 
impacts due to low gas 
emissions and less 
residual waste  

- Sometimes autoclaving is 
required due to low 
spectrum of disinfection 
process 

4.0 Dry heat  - Compatible with waste 
items which are 
polymeric  

- Ensure the reprocessing 
capability of the 
materials used  

- Reusability of PPEs are 
possible which can 
effectively manage the 
contaminated waste 
challenges associated 
with these items  

- Decontamination of viruses 
(enclosed in particles) 
trapped in all layers is 
questionable 

5.0 Chemical  - Effective control of virus 
through the destruction 
of its spores  

- Quick and steady 
operation procedure with 
effective and broad 
disinfection spectrum  

- Viable consideration 
during the manual waste 
handling (i.e. collection, 
storage, and 
transportation) 
application  

- No reduction in the waste 
volume  

- Absorbance of atomized 
particles of chemical 
disinfectants into skin can 
cause carcinogenic disease 

Source: Ilyas et al. [54],Wang et al. [50]. 
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strained the usual thermal treatment or incineration capacity of dealing 
with such waste. As an emergency epidemic prevention need, China has 
issued guidelines where the cement or other industrial furnaces can be 
used to treat the COVID-19 hazardous waste. Based on such approach 
the country was able to increase its emergency hazardous waste disposal 
level by 6,066.80 t per day from its previous capacity of 4,902.80 t per 
day. The emergency disposal level was increased in Hubei Province and 
Wuhan city by 667.40 and 265.60 t per day from its previous capacity of 
180 and 50 t per day, respectively [55]. In view of that practice countries 
(particularly developing countries like Bangladesh) can use similar ap-
proaches as emergency and post pandemic treatment option for the 
massive hazardous waste volume generated throughout the pandemic. 

4.3. Incorporation of reusable PPEs 

Immense usage and poor disposal of PPEs from the residential and 
healthcare facilities have led to the growing concern over its limited but 
elongated usage through different disinfection techniques to transform 
into its reusable form [56]. As part of the efficient techniques that can be 
applied over the used PPEs, ultraviolet germicidal irradiation (UVGI), 
thermal or heat treatment and chemical disinfection processes have 
been applied and considered to be the effective ones as shown by Derraik 
et al. [57]. Moreover, reusing PPEs through such disinfection techniques 
are the energy efficient, economically, and environmentally sound 
processes as they can lessen the waste volume by 93.0 % and con-
sumption in natural resources by 28.0 % [58]. A detailed process flow 
diagram for each of the disinfection techniques is illustrated in Fig. 6. 
Instead of producing more new PPEs, integration of reusable PPEs will 

Fig. 5. Graphical representation of emergency on-site waste burial pit for the safe management of COVID-19 related hazardous waste (drawn after [51]).  

Fig. 6. Effective disinfection techniques to transform the used PPEs into its reusable form (drawn based on [57]).  
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be the viable consideration in response to the pandemic induced PPE 
waste pollution. 

4.4. Medical waste management 

Different types of medical waste generated from healthcare facilities 
should be dealt with proper collection, treatment, and disposal appli-
cations. Typically, the composition of medical waste is about 85.0 % 
general non-infectious, 10.0 % hazardous or infectious and 5.0 % 
chemical or radioactive [50]. As the infectious medical waste does not 
act as the vector for the coronavirus transmission, handling and treat-
ment of medical waste generated from COVID-19 infected patients 
should be like the general infected medical wastes contaminated with 
TB, Hepatitis, HIV, anthrax, etc. Waste generated from infected patients 

isolated and quarantined in the household facilities should be treated as 
hazardous and require special care while putting in storage containers, 
and during collection and final disposal [48,59]. Fig. 7 illustrates the 
prescribed waste management procedures for both household and 
medical wastes that can be followed during this pandemic situation. 
Moreover, UNEP [60] presented a detail account of hazardous waste 
management practice required during the outbreak. 

4.5. Municipal solid waste (MSW) management 

Due to the massive lockdown, and restricted and limited entry across 
the cities worldwide when merged with the inadequate waste collection 
frequency, the increased amount of waste production has overstrained 
the existing MSW management services. As the application of waste 

Fig. 7. Hazardous household and medical waste management during COVID-19 period (drawn based on [75,15,80]).  
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collection, disposal and recycling facilities has been severely disrupted 
around the world alternative approaches – decentralized waste man-
agement service, temporary waste storage and reduction site (TWSRS), 
waste to energy (WtE) – should be considered to relieve the overburden 
of MSW management service. Integration of decentralized waste man-
agement (Fig. 8) approach can curb the issues of waste collection and 
transportation services as it integrates waste treatment and recycling at 
the waste generation source (on-spot) which potentially limits the risk of 
infection for people involved in the waste management services. TWSRS 
is an emergency approach for the waste management sector which in-
volves a temporary waste storage facility prior to the final disposal 
where the stored waste is treated with pretreatment and get reduction in 
volume by screening and grinding. WtE (Fig. 8) is a viable consideration 
for the excessive waste generated throughout the pandemic and imme-
diate but an effective response to the post pandemic world against the 
environmental risks associated with the conventional waste manage-
ment practice, limited or overburdened land areas for disposal at landfill 
or open dumping sites and inadequate logistic support for providing 
waste management services [61]. 

4.6. Plastic waste management and circular economy 

In this pandemic, plastic based items have played as essential pro-
tective gears of which there is no dispute. At a same time, it is of para-
mount importance to not use the same pandemic as a loophole for 
littering plastic in the land and sea. Since the plastic-based items have 
already seen a rapid resurgence and find its way to the ocean, necessary 
plastic reuse and recycling programs need to be started without further 
delay. Potential surge is seen in the SUP items (i.e. food packaging) 
against which “Reuse and Refill (R&R)” system can act as the right 
measure in contrast with this sudden surge. R&R system is an evidence 
based approach in the circular economy which not only preserves the 
resources but also reduces waste and mitigates the prospective envi-
ronmental impacts together with incredible economic productivity 
through savings in material cost and job creation [10]. Moreover, 
Klemes et al. [14] advocated on using energy and environmental foot-
prints of plastic based items under the devised “Plastic 4R” programs 
which basically present a plastic pollution control mechanism by mak-
ing a synergy between the SUP items and healthcare plastics along with 
economic viability. However, concerned authorities from the devel-
oping nations (i.e. Bangladesh) need to put their attention in modifying 
the existing plastic waste recycling system, beginning from the informal 

recycling sector to manufacturer level. As an approach towards the in-
tegrated plastic reuse and recycling industry, potential policy reforma-
tions should include – upgradation of the informal sector to a recognized 
and registered entity, pay-as-you-throw (PAYT) programs, economic 
incentives such as tax waiver, technical assistance, subsidized utilities 
and space, recycling market, and compliance for possible accidents and 
environmental hazards [62,63]. 

4.7. Government action plan, policy response and citizens’ responsibilities 

The continuousness of the waste management services together with 
the goals of waste minimization and recycling should be the ultimate 
policy response alongside with the COVID-19 health safety response as 
the waste management has a distinct relationship with the public health 
security and development [48,64]. Governments need to direct viable 
considerations in maintaining a high level of collection, disposal fol-
lowed by treatment and recycling of plastic wastes to effectively manage 
the waste generated during the current and post pandemic period [65]. 
The following approaches need to be revisited and employed in the 
action plan and policy response for the safe management of COVID-19 
induced waste [51,65,66] –  

• Necessary adjustment in postponed waste collection, transportation, 
disposal and treatment and recycling operations need to be insured 
with continuation of the postponed waste management services;  

• The number of the hazardous waste disposal sites or facilities should 
be increased. In this regard on-site waste burial pits and mobile 
incineration facilities can be a cost-effective and safe disposal options 
for the management of COVID-19 waste with adequateness; 

• A quick but rigid coordination among the city authorities, stake-
holders, local waste workers alongside with plastic producers, re-
tailers and end-users need to be empowered to reduce the plastic 
waste issue from the SUPs and disposable PPEs together with the 
medical waste;  

• As the SUPs have a challenging nature in terms of recycling and 
reuse, life cycle analysis need to be reassessed through different 
strategies for its proper treatment (waste to energy - WtE) or disposal 
(in landfills) options;  

• Estimation related to the hazardous waste generation amount data 
from different health care units and residential dwellings, need to be 
used in local to regional level for developing emergency waste 
management execution and future treatment or disposal plans; 

Fig. 8. Alternative approaches in MSW management service during the pandemic and post pandemic period (drawn based on [61]).  
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• Concerned authorities need to supply adequate protective gears for 
the waste workers during their service. Apart from the health safety, 
financial incentives, health insurance and medical support should be 
prioritized for the people involved in this sector;  

• In compliance with the technical and economic support, local NGOs, 
funding agencies and other national and international donor sources 
can cooperate with the regional to local level for the establishment of 
different emergency waste management infrastructures and treat-
ment facilities. 

Fan et al. [67] viewed that “the conciousness training and psycho-
logical reconstruction of residents” are especially viable considerations 
“to restore and enhance the engagaement of society in waste manage-
ment” in this pandemic and post-pandemic period. Governments need to 
make sure that clear communication is emphasized so that the citizens 
get aware of the need for waste segregation (i.e. hazardous, non haz-
ardous, plastic) at source and reduction in the generation points. From 
the point view of “intention to action”, increment in the mass media 
coverage through different public campaigning advertisements and 
online videos can indirectly induce in the safe management of household 
waste at source during this pandemic period [51]. Followed by such 
perspective, goverments can integrate Internet of Things (IoT) through 
the subscription based social media platforms (i.e. WeChat, Facebook, 
WhatsApp) that can bring effective and environment friendly solutions 
for the household waste management [68]. As discussed by Fan et al. 
[67], IoT technique and technologies related to data mining in the social 
medial platform – WeChat – showed promising results in terms of 
household waste management from the residential dwellings of Sanghai 
City of China during this pandemic period. As people are well connected 
to the internet as well as different social media apps, using the same 
initiative can bring safe management of the household waste segrega-
tion at source before the collection where the decision makers and city 
authorities need to provide emphasize through emergency policy in-
terventions [69]. 

For the developing nations, prospective attention from the 

authorities and the policy makers should be devoted on the waste 
workers (particularly, from the informal sector) who have been recog-
nized as the most vulnerable group during this unprecedented period 
among the working sector. A comprehensive health care and protection 
support (by providing adequate PPEs) and financial assistance need to 
be professed and mandated in the policy response and further inclusion 
of the informal sector in framing the waste management policy need to 
be reevaluated for the group of people who by compromising their lives 
protects the community [64]. 

The distinct features of waste management that need to be reeval-
uated for the COVID-19 induced waste management are illustrated in 
Fig. 9. 

4.8. Health safety for the waste workers 

A potential step forward in providing the continuity of the waste 
management services should include authority’s assurance and support 
in maintaining health safety and financial take care of waste workers. In 
lieu of that certain well practices need to be assured by the authority in 
the waste management sector such as [70] –  

• Ensuring the supply and apt use of PPEs and disinfectant items 
among the waste workers;  

• Ensuring heightened and firm compliance of hygiene protocols 
among the waste workers including – repeated change and cleansing 
of PPEs and other exposed clothing items and hand gloves, frequent 
sanitization of vehicle cabins, personal clothes and storage and 
collection facilities;  

• To avoid the accidental contact as well as the contamination, right 
use of masks and other PPEs need to be trained with strict adherence 
to such protocols;  

• Ensuring physical distancing between the individuals working in the 
same climate, reducing the number of workers in a certain work-
place, and special care for the older people and those with chronic 
illness. 

Fig. 9. Distinct features that need to be integrated in the waste management sector for the safe management of COVID-19 induced waste.  
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5. Conclusion 

In this study, a prospective scenario of the current waste generation, 
possible management options and future implications of various types of 
produced waste and waste sector throughout the pandemic period have 
been presented. This study also provided a much-needed hazardous 
waste amount estimating equation which can assist the engineers, 
healthcare personnel and city authorities’ waste management unit to 
plan and develop treatment and disposal facilities for the present and 
post pandemic hazardous waste management. 

In the context of current pandemic situation in Bangladesh, the state 
of the affair should consider the following reflections –  

• prospective change in policy response and current practices for the 
waste management service [28];  

• upgradation of the informal waste sector to a recognized entity with 
potential care for their health safety, financial condition and other 
living aspects;  

• in the given circumstances with numerous challenges of waste 
management sector, concerned authorities should look unto surro-
gate options (i.e. industrial furnaces, cement, and brick kilns) that 
will settle down the challenges associated with the COVID-19 haz-
ardous waste. However, during the incineration process discharge of 
pollutants in the atmosphere and water needs to be regulated to 
avoid transmission of disease and pollution of the environment [55]; 

• a comprehensive recycling and other response strategies (i.e. reus-
able PPEs) against the SUP and PPE induced plastic as well as 
microplastic pollution in the land and sea for protection against the 
“secondary impacts upon health and the environment” [71]. 

The present waste management infrastructure at global scale is not 
capable of withstanding with the sudden induced crisis as avowed 
through the current pandemic. The take home lesson learnt from this 
pandemic is to transform the existing waste management infrastructure 
model of “take-make-dispose” to a model of circular economy where 
waste is transmuted into an efficient resource [72]. Moreover, the cur-
rent global crisis has ascertained it necessary to look seriously upon the 
artificial intelligence (AI) modelling approaches for the waste manage-
ment sector. Since the AI based waste management modelling tech-
niques have the accurate capability to project the possible waste 
generation amount, thus, the proper and effective waste management 
system design and operation can be performed by the waste sector of a 
nation from city to regional level [73,74] for a given situation like the 
COVID-19 pandemic. 
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